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@ Communication set and method. 

© A telephone communication method provides simul- 
taneously duplex channels between respective pairs of 
stations over a single wire pair highway by frequency 
division muftlpfexing. Each duplex channel has a pre- 
determined pair of carrier frequencies, but only carrier 
frequency pairs of channels in use for communication are 
present on the highway at any time. On initiating a call, 
a station seeks for a free channel and reserves it by 
generating the «go» carrier of the free channel modulated 

^ with the call sign of the desired station, and also generat- 
ing an alert signal. Quiescent stations respond to the 
alert by seeking a «go> carrier with call sign data and, on 

-j, identifying their own call sign, generating the correspond- 

" Ing r turn carrier to set up the channel. 
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COMMUNICATION SET AND METHOD 

The present invention is concerned primarily with a 
communication method providing duplex communication simul- 
taneously between a plurality of pairs of stations on a 
single wire pair highway by frequency division multi- 
plexing. Frequency division multiplexing to provide 
several channels on a single pair of wires is known for 
telephony. However, in telephone systems employed 
hitherto, the various carrier frequencies providing the 
frequency division multiplexed channels on the single wire 
pair are provided continuously irrespective of whether a 
particular - channel is busy. This arrangement is quite 
satisfactory for large scale telephone installations where 
power consumption is of only minor concern* However, to 
provide frequency division multiplexing using known tech- 
niques for field telephone applications, operating from 
battery power supplies, would make excessive demands on 
the battery supplies enabling only relatively short life 
operation. Also, such an arrangement would reduce the 
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flexibility of the field telephone system since the various 
stations on the field telephone "net" would have to operate 
through exchange apparatus which would provide channel 
routing and maintain the various frequency carrier signals. 
5 According to one aspect of the present invention, 

there is provided a camtunt cation method providing duplex 
communication simultaneously between a plurality of pairs 
of stations on a single wire pair highway by frequency 
division multiplexing, wherein information is transmitted 

10 on the wire pair highway by modulation of pairs of pre- 
determined carrier frequencies, each pair of said frequencies 
comprising a "go" frequency and a "return" frequency and 
providing a single channel for duplex communication between 
any selected pair of stations on the highway, and wherein 

15 only carrier frequency pairs actually in use for communication 
are present on the highway at any time. By eliminating 
the carrier signals which are not in use for communication, 
the power consumption of the arrangement can be greatly 
reduced and also the flexibility of operation especially in . 

20 field telephone applications can be greatly increased. 

Each station on the highway may be ^.ssigned a pre— 
determined call code and a channel between a caller station 
and a desired called station may be opened by the caller 
station scanning the predetermined frequency pairs for a 

25 pair absent on the highway and responding to locating an 
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absent frequency pair by generating and transmitting onto 
the highway the "go" frequency carrier of the pair and 
modulating said carrier with at least data defining the 
call code of the desired called station, and by the 
called station responding, if not busy with an existing 
call, to identifying its own call code modulated on the 
"go" frequency carrier by generating and transmitting onto 
the highway the "return" frequency carrier of the pair, in 
response to which the caller station ceases modulating with 
the call code and the duplex channel is opened. 

With this method, the individual stations on the 
highway can themselves generate the various carrier 
frequency signals and first scan the existing carriers on 
the highway to select a free channel* 

Conveniently, stations not in use are quiescent and 
the caller station also generates and impresses on the 
highway an alert signal to which all quiescent stations 
on the highway respond by becoming non-quiescent, scanning 
the predetermined carrier frequencies to identify a pre- 
determined "go" frequency on the highway modulated with 
call code data, reading said data and comparing the call 
code with the respective code assigned to the station, 
whereby the called station can identify its own call code. 
Thus, the stations not in use can be in the quiescent state 
with minimal if not zero power consumption* However, they 
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are arranged to respond to. the alert signal on the high- 
way by seeking for the "go" frequency carrier of the 
caller station and reading the call code. Only if the 
code is their own, do they remain non-quiescent and open 
the duplex channel by generating and transmitting to the 
highway the corresponding "return" frequency carrier. 

The caller station preferably responds to receiving 
the "return" frequency carrier from the called station 
also by cancelling the alert signal from the highway, 
whereupon stations not in use other than the called station 
revert to the quiescent state. On detecting an alert 
signal on the highway, said previously quiescent stations 
scan the carrier frequencies by scanning the predetermined 
"return" frequencies to identify a "return" frequency absent 
from the highway, on locating an absent return frequency 
tuning to the corresponding "go" frequency of the respective 
pair and, if the "go" frequency carrier is present on the 
highway, checking for call code data on the carrier, but 
otherwise continuing the scanning of the "return" frequencies 
By this technique, the overall scanning time is reduced 
since "go tt frequencies are checked only if there is no 
corresponding "return" frequency. It will be under- 
stood that if there is a "return" frequency carrier already 
on the highway then this indicates that the particular 
channel is already in use and cannot be the channel on 
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which the new call is being placed. 

In a further preferred arrangement, where the 
method of signalling is used for telephony, the method 
may provide a conference mode wherein a conference can 
be set up between a plurality of stations simultaneously 
using telephone audio frequency signalling on the highway. 
In the conference mode, the caller station may modulate 
the generated "go" frequency carrier with data defining 
the call codes of the selected called stations desired 
to join the conference and also identifying the call as 
a conference call, the caller station terminating said 
carrier generation and modulation after a predetermined 
time interval sufficient to permit the called stations to 
identify their respective call codes and then providing 
audio frequency communication with the highway, and each 
called station may respond to identifying its call code 
and that the call is a conference call by providing audio 
frequency communication with the highway. 

In a further preferred arrangement, a priority mode 
is provided, wherein a selected pair of said carrier 
frequencies is set aside as a priority channel for use only 
by a priority caller station in priority mode to a station 
already busy with an existing call or when all non-priority 
channels are busy y and the station called on the priority 
channel then responds by breaking contact with any existing 
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call and moving onto the priority channel to take the 
priority call. In the priority mode, a priority caller 
station first checks the "go" frequency of the priority 
channel and, if the carrier is absent on the highway, 
5 generates and transmits the carrier onto the highway 

modulating said carrier with at least data defining the 
call code of the desired called station, and simultaneously 
generating and impressing on the highway a priority call 
identifying signal, any or each busy station responding 

10 to the priority call identifying signal by tuning to the 
"go" frequency of the priority channel , reading said call 
code data and comparing the call code with the respective 
code assigned to the station, and then in response to 
identifying its own call code moving onto the priority 

15 channel but otherwise continuing with the existing call. 

Conveniently , in normal mode, said alert signal may 
be maintained by the caller station, in the absence of a 
received corresponding "return 11 frequency carrier, for a 
predetermined maximum time, and then, in priority mode, 

20 said priority call identifying signal may comprise said 
alert signal maintained for a period in excess of said 
predetermined maximum time, whereby any or each busy 
station responds only after said maximum time has elapsed. 

The alert signal, and also the priorty call identifying 

25 signal, may comprise a DC voltage impressed on the highway 
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by the caller station. It will be appreciated that 
any non-busy station responds to the priority call 
identifying signal in the same way as to the alert signal, 
i.e. by reverting to a non-quiescent state and scanning 
the "go" carrier frequencies on the highway for its own 
call code. All stations are arranged to scan all channels , 
including the priority channel in response to an alert 
signal, so that a priority channel call to a station which 
is not busy, will still be connected. 

In another aspect of the present invention, there is 
provided a ccrarrunicaticn set capable of providing, with other 
such sets at respective stations , duplex communication 
simultaneously between a plurality of pairs of stations on 
a single wire pair highway by frequency division multi- 
plexing, wherein information is transmitted on the wire 
pair highway by modulation of pairs of predetermined carrier 
frequencies, each pair of said frequencies comprising a 
"go" frequency and a "return" frequency and providing a 
single channel for duplex. communication between any 
selected pair of stations on the highway, each station 
being assigned a predetermined call code; the signalling 
set having means for storing the call code assigned to 
the respective station, transmitter means energisable and 
controllable to generate and transmit to the highway 
carrier signals at a selected one of the predetermined 
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carrier frequencies, modulator means for modulating the 
generated carrier signal with information or data to be 
transmitted on the highway r tunable receiver means for 
selectively receiving carrier signals from the highway 
5 at any one of the predetermined carrier frequencies, 

demodulator means for demodulating information or data 
from the received carrier signal, operator input means 
enabling the operator of the set to initiate a call 
and key in the call code of a desired station, and control 

10 means responsive to a call initiate signal from the input 
means to scan the tuning of the receiver means through 
said predetermined carrier frequencies until a vacant 
channel is identified, the respective pair of carrier 
frequencies for the channel being absent on the highway, 

15 and then to tune to the "return" frequency of the vacant 

channel, the control means being then responsive to energise 
and control the transmitter means to transmit on to the 
highway a carrier signal at the "go" frequency of the vacant 
channel and simultaneously supply to the modulator means 

20 at least data from the input means defining the call code 
of the desired station so that the transmitted carrier 
signal is modulated with said data, the control means 
being further responsive to reception by the receiver 
means of a carrier on the highway at the "return" frequency 
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of the vacant channel to. inhibit further supply of the 
call code data to the modulator means. 

Preferably, the caoinunication set includes an alert 
signal generator responsive to the control means on 
5 identifying a vacant channel to impress an alert signal 

on the highway until reception by the receiver means of 
said "return" frequency carrier. . Preferably also, the 
signalling set has quiescent switching means arranged to 
switch the set to a quiescent state when not in use, but 

10 responsive to the presence of an alert signal on the 

highway to switch the set automatically to a non-quiescent 
state and the control means being responsive on said switching 
to the non-quiescent state to scan the tuning of the 
receiver means to detect a "go" frequency carrier signal 

15 on the highway which is modulated with call code data and 
then to read said data and compare the received call code 
with that in said means for storing, the control means 
being further responsive to the received call code matching 
that in said means for storing to hold the set in the 

20 non-quiescent state and to energise and control the 

transmitter means to transmit onto the highway a carrier 
signal at the "return" frequency of the channel including 
the detected "go" frequency carrier signal* 

An example of the present invention will now be 

25 described with reference to the accompanying drawings in 
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which: 

Figure 1 is a block schematic diagram illustrating 
a complete net incorporating a plurality of "subscriber" 
sets connected to a single wire pair highway; 
5 Figure 2 is a block schematic diagram of a telephone 

"subscriber" set shown connected to a single wire pair 
highway; 

Figure 3 illustrates an example of the telephone 
"subscriber" set provided as a single hand held unit and 

10 Figures 4, 5 and 6 are operational flow diagrams 

illustrating the sequences of steps in operating the 
complete telephone system in various different modes. 

Figure 1 illustrates a complete telephone net 
operating in accordance with an example of the present 

15 invention. The net is formed by a single highway cable 
10 to which are connected a number of "subscriber" sets 
11-20. The highway cable 10 comprises a single wire 
pair typically a twisted pair or a co-axial cable with single 
core and screen conductors. Each "subscriber" set is 

20 connected to the highway cable by a link 21 which connects 
the set to the two wires of the highway 10. The links 
21 may be connected to the highway 10 by means of 
connector clips which make connection to the conductors of 
the highway without breaking the highway at the connection 

25 point, A suitable form of connector which in one embodiment 
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Jican connect the "subscriber" set links 21 to a co-axial 
highway cable 10 is described in the specification of 
our co-pending application of today's date (U.K. Application 

No. 8133302). 

5 The "subscriber" sets 11-20 may be of different 

types. In Figure 1, sets 12-16 and 18 and 19 are 
telephone "subscriber" sets for' use directly by users of 
the system. However, sets 11, 17 and 20 are interface 
units of different kinds. Set 11 is an interface unit 

10 which enables callers on the net to interface with a radio 
telephone apparatus 22 . Set 17. provides an interface 
with a magneto telephone exchange and set 20 provides an 
interface with another telephone net of the same kind as 
illustrated in Figure 1. The detailed operation of 

15 interfaces 11, 17 and 20 will not be described in this 

specification- It is sufficient to know that each inter- 
face appears* from the point of view of the telephone net 
incorporating the highway 10 to mimic an ordinary telephone 
"subscriber" set, providing the same responses to enable a 

20 channel to be opened between the interface and another 
"subscriber" on the highway. 

In operation, the various "subscriber" sets connected 
to the highway cable 10 can call each other and several 
communications between pairs of sets can proceed simul- 

25 taneously on the single highway cable 10 . A plurality 
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of communication channels .are provided on the cable 10 
by frequency division multiplexing (FDM) and the system is 
arranged so that the carrier frequencies in the FDM system 
are present on the highway cable 10 only when the 
5 particular channel is being used for communication. The 
system includes no central exchange or control unit and 
all the carrier frequencies and control systems are provided 
in the various "subscriber" sets. 

Referring now to Figure 2, a block circuit diagram 
10 is illustrated of a typical "subscriber" set incorporating 
microphone 30 and receiver '31' for use as a typical 
telephone. The entire circuitry illustrated in Figure 2 
may be incorporated in a single housing with the microphone 
30 and receiver 31 to provide a single instrument as 
15 illustrated in Figure 3„ * The instrument incorporates a 
key pad 32 enabling a user of the instrument to control 
operation and insert the call codes of stations the user 
wishes to call up. Thus, the key pad 32 provides 
separate keys for each of the decimal digits 0-9 and function 
20 control keys identified as follows: 

STDY (standby) , ON, CONF (conference) , P (priority call) , 
and BATT TEST (battery test) . 

The hand set illustrated in Figure 3 also incorporates a 
visual alarm light 33 -which can be actuated to flash in 
25 response to an incoming call instead of the usual audible 
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alarm tone. The alarm lamp 33 also doubles to provide 
a battery test indicator to provide an indication of 
battery state when the BATT TEST key on the key pad 32 
is depressed. 

5 The hand set is powered by batteries provided within 

the casing of the unit. 

A panel 34 shown in Figure 1 can be removed to 
expose manually adjustable switches by which the hand set 
can be assigned the call code to which the hand set is to 
10 respond when on the telephone net. 

The hand set can be connected to the cable highway 
10 by means of a connector clip 35 as illustrated in 
Figure 1. The connector clip 35 makes connection to 
the conductors of the highway cable 10 without breaking 
15 the cable. 

Referring now to the block schematic diagram of 
Figure 2 in" more detail, the various functions of the 
circuitry illustrated in Figure 2 are controlled by means 
of a controller 40 which receives data keyed into the set 
20 on the key pad 32 . The controller 40 may typically be 
embodied as a microprocessor programmed to perform the 
various predetermined functions as required. To provide 
a functional programme for such a microprocessor controlled 
arrangement is well within the capacity of an experienced 
25 practitioner in this art without the need for undue experi- 
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mentation. The circuit of Figure 2 can be connected to 
the highway cable 10 via a line interface 41 which 
transmits signals supplied to the line interface on lines 
42 or 43 onto the highway cable 10 via connecting 
5 link 21 and highway cable connector 35 . Similarly, 
signals from the highway cable are supplied from the line 
interface 41 on lines 44 and 45 • The line interface 
unit 41 ensures that the "subscriber" set presents a 
high impedance across the conductors of the highway cable 

10 10 so as to minimise any effect on the transmission 

properties of the highway. 

Carrier frequency signals from the highway are supplied 
from the line interface on line 44 to a tuned radio 
frequency amplifier 46 , the tuning of which is controlled 

15 by signals on a line .47 . from the controller 40 . The 
tuned radio frequency amplifier .46' is controlled by the 
controller 40 to pass and amplify only a band of frequencies 
centred on the particular carrier frequency to which the 
receiving circuits of the set are being tuned at any time. 

20 The signals from the amplifier 46 are then supplied to a 

mixer and intermediate frequency amplifier 48* which receives 
a local oscillator signal on a line 49 . The local 
oscillator signal is derived by a synthesizer 50 under 
the control of the controller 40 . Thus, the controller 

25 40 can affect tuning of the receiver by controlling the 
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synthesizer 50 to synthesize a desired local oscillator 
frequency on line 49 which when mixed with the intended 
received carrier frequency produces a difference frequency 
at the intermediate frequency of the IF amplifier 48 . 
5 The amplified IF carrier signal is supplied to a 

demodulator 51 wherein modulation on the carrier is 
detected. In the presently described system, the modulation 
on the various carrier frequency signals is frequency 
modulation and so the demodulator 51 may be any known 

10 type of FM detector , for example a quadrature detector. 

The demodulator 51 provides a carrier detect signal on 
a line 52 to the controller 40 on detection of a carrier 
signal at the frequency to which the receiver is tuned. The 
demodulated information from the detected carrier is supplied 

15 on an output line 53 to "the receiver 31 via a switch 
54 which in normal operation of the apparatus is closed 
as shown in Figure 2. The output from the demodulator 51 
is also supplied on a line 55 to the controller 40 
whereby code signals modulated on the received carrier can 

20 be read and decoded by the controller 40 as will be 
explained later. 

Considering now transmission by the circuitry of 
Figure 2, the carrier frequency of the transmission is 
derived also by the synthesizer 50 subject to the control 

25 of the controller 40 . As explained previously, the complete 
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radio telephone system is arranged to have predetermined 
pairs of carrier frequencies f one pair defining a duplex 
communication channel. Each pair of frequencies defining 
a channel comprises a predetermined "go" frequency and a 
predetermined "return" frequency. All the various 
frequencies of the different channels available on the system 
are defined on setting up the system and may be stored in 
the controller 40 , typically in the memory of the micro- 
processor constituting the controller 40 . In operation, 
when a caller station calls up a called station , the caller 
station transmits carrier on the "go" frequency of a selected 
channel and the called station transmits back on the "return" 
frequency. Thus, the controller 40 controls the 
synthesizer 50 to generate suitable signals on line 49 
to the mixer and IF amplifier 48 and on a line 56 to 
a modulator 57 , such that when a channel is established 
" with another station, the transmitted carrier is at one 
frequency of a predetermined pair and the receiver is tuned 
to the other frequency of the pair depending on whether the 
set was the caller station or the called station. 

The transmitted carrier frequency from the synthesizer 
50 is frequency modulated in the modulator 57 by signals 
from the microphone 30 and the modulated carrier is fed on 
a line 58 via a normally closed switch 59 and a booster 
amplifier 60 to the output line 42 to the line interface 



-17- 



0078714 



41 for transmission onto the highway 10 . The modulator 
57 is also arranged to modulate the transmitted carrier 
with code signals provided from the controller 40 on a 
line 61 . As will be explained later , code signals are 
5 supplied by the controller 40 for modulation on the 

transmitted carrier frequency during the call-up procedure 
and include the call code of the station being called up. 

Also during the call-up procedure, as will be explained 
later, the controller 40 signals an alert generator 62 
10 to generate an alert signal on the line 43 to impress the 
alert signal on the highway cable 10 . The alert signal 
is typically a DC voltage applied across the conductors of 
the highway 10 . 

When the apparatus is not in use for a call, the 
15 circuitry of the apparatus is in a quiescent state and is 
effectively switched off so that there is minimal or zero 
drain on the battery supply of the set. A quiescent switch 
63 is illustrated symbolising the operation of the circuit 
in this respect. The quiescent switch 63 may operate 
20 to render the circuitry quiescent in response to a signal 

from the controller 40 , typically in response to depressing 
the STBY key on the key pad 32 . However the quiescent 
switch 63 is also arranged to operate automatically 
following certain functions of the apparatus including 
25 switching off the apparatus after a predetermined delay if 
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an intended call cannot be established. 

If an alert signal is applied to the highway 10 
by some other station, this signal is received by the line 
interface 41 and applied to the line 45 to an alert 
detector 64 . The alert signal , comprising a DC voltage, 
is passed on by the alert detector 64 to the quiescent 
switch 63 causing the switch to put the circuitry of the 
apparatus in a non -quiescent condition * At the same time, 
the alert detector 64 signals the controller 40 on 
a line 65 to show that there is an alert signal on the 
highway. As will be explained in more detail later, the 
controller 40 responds to the alert signal by checking 
to see if the particular station is the one being called 
up, and if it is by identifying and sending the "return" 
frequency carrier. signal to establish the duplex communication 
channel. On recognising a call intended for the particular 
station, the controller 40 also generates an alarm signal 
until a user answers the call. The alarm signal may be 
the usual audible alarm tone supplied on line 61 to drive 
the microphone 30 , or may alternatively be a visual alarm 
from a light emitting diode 66 . 

The controller 40 is arranged also to generate 
various other tones on a line 67 to drive the receiver 31 . 
These tones may include usual dial, ringing and engaged tones. 
The dial and engaged tones are generated in the controller 40 



-19- 



0078714 



of the apparatus attempting to make the call. The ringing 
tone on the other hand is generated by the controller of 
the called station and modulated on the "return" carrier 
frequency sent by the called station. 
5 Referring now to Figure 4, the functional operating 

procedure of the telephone system incorporating "subscriber" 
sets as illustrated in Figure 2 is shown in the form of a 
flow diagram. A call is initiated at the caller station 
by the caller depressing key ON on the key pad 32 . This 

10 action powers up the caller's hand set and the controller 

40 immediately begins a search routine to identify a 
free channel for the call. In the search routine, the 
controller controls the synthesizer 50 to generate local 
oscillator frequencies on line 49, and simultaneously 

15 controls the tuned RF amplifier by signals on the line .47 

so as to tune the receiver section of the set successively 
through the, "go" frequencies of the various available 
channels. On tuning to a particular "go" frequency, the 
controller 40 responds to a carrier detect signal on line 

20 52 by moving on to the next "go" frequency. If no carrier 

detect signal is observed at a particular "go" carrier 
frequency, the controller 40 instructs the synthesizer 50 
to generate a carrier on line 56 at this "go" frequency 
and this "go" frequency carrier is applied to the highway 10 . 

25 However, if all available "go" frequency carriers are already 
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on the highway, the controller 40 continues to cycle 
through the channels looking for a free channel and during 
this period provides a distinct tone on the line 67 to 
the receiver 31 indicating that a free carrier is being 
5 awaited. If no free carrier is identified within thirty 
seconds, the controller 40 causes the set to switch off 
and the user must start again, if desired, by pressing 
key ON„ As soon as the controller 40 identifies a free 
"go" carrier and applies that "go" carrier to the highway 

10 10 , a dial tone is generated on line 67 to signal the user 

of the apparatus. The user then keys in the code of the 
station which it is desired to call. The stations in the 
present example, each have a two digit code and on depressing 
the key for the second digit of the code, the ccsitroller 40 generates 

15 a routing code on a line 61 which is modulated by. the 

modulator 57 onto the "go" carrier frequency and sent on 
to the highway. At the same time, the controller 40 
instructs the alert generator 62 to apply an alert signal 
to the highway 10 so as to alert quiescent stations 

20 connected to the highway. 

Prior to sending the routing code and the alert 
signal, the apparatus may check the connecting link 21 
to the highway 10 to ensure that the line is not shorted. 
If a short is detected, the controller 40 generates an 

25 equipment faulty tone on line . 67 and after thirty seconds 
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switches off. 

The routing code generated by the controller 40 
and transmitted on the "go" frequency carrier is transmitted 
repeatedly for the duration of the alert condition. The 
5 alert condition is terminated automatically by the controller 
40 if no reply is received from the called station within 
a predetermined time, typically two seconds. However, the 
alert is removed immediately on receipt of a reply from 
the called station in the form of detecting the "return" 

10 frequency carrier on the same channel as the "go" frequency 
being transmitted. 

The calling code may comprise repeated frames made up 
of three eight bit bytes followed by a control byte of 
typically at least two bits. The first eight bit byte 

15 of each frame is a synchronisation byte which may comprise 
four successive binary "l" f s followed by four successive 
binary n 0"'s. This synchronisation byte can be recognised 
as such at the various receiving stations to permit the 
subsequent data bytes to be read by the receiving stations 

20 in correct synchronisation. The next eight bit byte may 
comprise the calling code, i.e. the code of the station 
making the call. The third eight bit byte may comprise 
the called code, i.e. the call code of the station being 
called up. The two bit control byte may include control 

25 data identifying the mode of the call as will become apparent 
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later. 

Considering now the .apparatus of Figure 2 as the 
station on line in quiescent state. On receiving an 
alert signal from the highway 10 r the quiescent switch 3 
automatically puts the apparatus in a non-quiescent condition 
whereupon the controller 40 , in response to the alert 
detect signal on line 65 instructs the synthesizer 50 
to tune the receiver section sequentially through the various 
"return" frequencies of the available channels. On 
identifying a "return" frequency at which there is no 
carrier detected on line 52 r the controller 40 redirects 
the receiver to tune to the corresponding "go" frequency of 
that particular channel. If there is again no carrier 
signal present/ the controller 40 instructs the receiver 
to go on to the "return" frequency of the next channel. On 
detecting a "go" frequency carrier present on a channel on 
which there is no "return" frequency carrier present, the 
controller r 40 monitors the output of the demodulator on 
line 55 and trys to read any code signals demodulated 
from the carrier. The controller 40 repeatedly trys to 
read code signals from the line 55 and looks for a match 
between the called code read from the line 55 and its own 
call code. If no match is identified after a predetermined 
time, say two hundred miliseconijs, the controller 40 
instructs the receiver to moveon to the "return" frequency 
of the next channel. The controller 40 continues to scan 
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the channels until the alert signal is removed from the 
highway 10 . 

On successfully matching the called code read on 
the line 55 with its own call code, the controller '40 
5 responds by instructing the synthesizer 50 to generate 
a carrier signal at the "return" carrier frequency of the 
same channel as the received "go" frequency carrier. At 
the same time the controller 40 generates ringing tone 
signals on line 61 which are modulated on the "return" 

10 carrier and can be heard at the caller station. Also at 
the same time, the controller 4C of the called station 
sets up an alarm signal , either generating an alarm tone in 
the microphone 30 corresponding to the ringing tone trans- 
mitted on the "return" carrier/ or by flashing the visual 

15 alarm represented by the LED 66 . 

Back at the caller station, the receiving circuitry 
of the caller station's apparatus is already tuned to the 
"return" frequency of the channel being set up and generation 
of the "return" frequency by the distant called station is 

20 detected by the demodulator 51 and supplied as a carrier 
detect signal on line 52 to the controller 40 which 
reacts by removing the alert signal from the highway, where- 
upon all other stations cease continuing to scan for their 
own call codes and revert to the quiescent condition. 

25 In order to answer the alarm tone or light signal at 
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the called station , the user depresses the ON key of his 
set causing the controller 40 of his set to terminate 
generating the ringing tone and alarm signal on line 61 . 
Conversation can then proceed between the caller and called 
5 stations via the respective microphones 30 and receivers 
31 . The conversation is frequency modulated and 
demodulated from the respective "go" and "return" frequency 
carrier signals. 

On termination of the conversation , one or both 

10 parties presses the STBY key which causes his own set to 

revert to the quiescent condition removing its own generated 
carrier signal from the highway. Even if the other party 
does not press the STBY key, his own set also reverts to 
quiescent condition, on detecting that the received carrier 

15 signal has been removed from the highway. 

The present example of the apparatus provides a priority, 
mode which allows certain designated priority callers to 
make calls even when all normal channels are busy and also 
when the station they are calling is busy with an existing 

20 call. In the priority mode f one of the available channels 
of the system is set aside and is not used for normal inter- 
communication between the "subscriber" sets on the net. This 
channel set aside may be designated the priority channel and 
is used only for priority calls. m the particular 

25 arrangement described in this example, only certain "subscriber" 
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sets are able to make priority calls* These are the 
"subscriber" sets with call codes starting with "0". Thus 
there are up to ten codes available for priority calling 
"subscriber" sets. The system operation whereby the 
5 priority channel is set aside, may also be determined by 
the call codes assigned to the "subscriber" sets on the 
net. Thus, if all sets on the net have call codes between 
"00" and "39", then these sets will operate so that the 
priority channel is set aside for priority calls only from 

10 the sets with call codes "00" to "09". On the other hand 

if the sets on the net have call codes between "40" and "99", 
then these sets are arranged to treat all channels available 
in the system equally so that there is no priority mode 
available* The operational distinction between the various 

15 call codes is performed by the controller 40 of the various 
sets in response to the call code assigned to the set. 

In the normal operation if a priority caller wishes 
to call a particular station, the usual initial operations 
are carried out as with a normal call. As shown in Figure 5, 

20 the priorty procedure is used only if the priority caller 

cannot obtain a dial tone, indicating that all non-priority 
channels are busy, or on obtaining a dial tone and calling 
the desired "subscriber" , obtains a number unobtainable tone 
indicating that the called station has not answered, the call 

25 and is probably busy with an existing call. In either of 
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these cases, the priority caller makes the priority call by 
pressing key P on his key pad. In response, the controller 

40 of his set tunes the receiver to the "go" frequency 
of the priority channel. If a carrier is detected at 
the "go" frequency, the controller 40 generates a priority 
busy tone. However if the priority channel is not busy, 
the controller 40 controls the synthesizer 50 to generate 
the carrier signal on line 56 at the "go" frequency of 
the priority channel and produces a dial tone. The priority 
caller then dials the call code of the station to be 
called, whereupon the controller 40 . sets up the alert 
signal on the highway TO and sends data on line 61 for 
modulation on the "go" frequency carrier identifying the 
call code of the station being called and also containing 
control bits identifying 'that the call is a priority call. 
If the "subscriber" being called is not busy with another 
call, his apparatus responds to the alert signal in the 
usual way, determines that the incoming call is on the 
priority channel and replies by sending the "return" 
frequency carrier modulated with a ringing tone as usual. 
However, if the called "subscriber" is busy with another 
call, the controller 40 of his set does not immediately 
react to the alert signal on the highway. As mentioned 
previously, alert signals for normal non-priority calls 
have a maximum duration of typically two seconds. For a 
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priority call, the alert signal is maintained for longer 
than this maximum duration, say three seconds. When the 
set of the called "subscriber" recognises that the alert 
signal has been present on the highway for more than the 
normal time, indicating that the call is a priority call, 
the controller 40 of the called "subscriber" momentarily 
retunes its receiver circuits to the "go" frequency of the 
priority channel and tries to read the code modulated on 
the carrier at this frequency. It will be appreciated 
that all busy stations will react to a priority call signal 
in this way and the various stations will continue to check 
the repeated code signals on the priority channel "go" 
frequency carrier for a predetermined time, say two hundred 
miliseconds, before reverting to their existing call if they 
cannot match the called code read from the carrier with their 
own call code. If they do match codes, the called "subscriber" 
apparatus responds by initially tuning back their receiving 
circuit to the existing established call but signalling to 
the person using the set by sending pips on line 67 ' to the 
receiver that they have a priority call. Typically there 
may be five pips at one second intervals following which 
the controller 40 automatically retunes their receiving 
circuits to the "go" frequency of the priority channel. In 
the meantime, the synthesizer 50 continues to generate the 
frequencies keeping the transmitted carrier and local 



-28- 



0078714 



oscillator signal on the existing operational channel. At 
the end of the five second delay, the controller 40 also 
instructs the synthesizer to generate on line 56 the 
"return" "frequency carrier of the priority channel. 
5 Meanwhile, the priority caller is arranged to maintain 

the priority alert signal on the 'highway for the longer than 
usual duration, say three seconds whereupon the alert is 
automatically removed. However, the priority caller 
continues to wait for a period of time for any "return" 
10 signal carrier to be received in case the called station 
was already busy in which case there is the five seconds 
delay before the called station generates the "return" 
carrier. alius, the priority caller may wait a total of 
ten seconds following initiating the alert signal before 
15 providing an unobtainable tone. If during that ten seconds r 
the "return" frequency carrier is received, the priority 
channel link is completed and the intended conversation can 
proceed - 

The apparatus of * the present example may also provide 
20 a conference mode in which a number of stations may be able 
to talk to each other simultaneously in the manner of a 
conference. The conference mode employs audio frequency 
signalling on the highway. The functional flow diagram 
used in conference mode operation is shown in Figure 6. 
25 Operation is as usual except that on hearing the dial tone. 
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the calling station presses the CONF key on his key pad 
whereupon the controller 40 should generate the conference 
dial tone. The caller then keys the codes of the stations 
he wishes to call for the conference/ pressing the CONF key 
once between each station call code. After the last call 
code keyed in, the caller presses the CONF button twice 
whereupon the controller 40 generates data on the line 61 
for modulation on a "go" carrier frequency of a free channel, 
identifying all the call codes of the stations to be called. 
The data modulated on the "go" carrier also includes control 
bits identifying that the call is a conference call. The 
call codes are transmitted on the "go" frequency carrier 
for a predetermined time set by the controller 40 and are 
then automatically terminated whereupon the controller 40 
inhibits further generation of the ."go" carrier frequency 
and sends control signals on line 70 to switch the switches 
54 and 59 into the conference mode bypassing the modulation 
and demodulation circuits so that direct audio frequency 
signals from the microphone 30 are transmitted to the highway 
and received from the highway by the receiver 31. 

Meanwhile, each called station reacts to the alert 
signal applied to the highway by the calling station in the 
usual way scanning for a "go" frequency carrier with code 
modulation. On detecting its own call code, the called 
station also identifies from the received data that the 
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call is a conference call and generates a special conference 
alarm tone to alert the user of the apparatus. No "return" 
carrier signal is generated. When the user of the 
apparatus answers the alarm by pressing the ON key/ the 
apparatus immediately reverts to the conference mode with 
the controller 40 operating the switches 54 and 59. At 
the same time, the controller 40 generates a short tone 
on line 61 which is impressed on the highway 10 to alert 
the caller station that a further called "subscriber" 
has come onto line- 

Qn termination of the conference, each "subscriber 18 
depresses his STBY key in order to return his apparatus to 
the quiescent state. 

It will be appreciated that the above described 
arrangement permits a field telephone system to be set up 
using a single wire pair highway but permitting multiple 
simultaneous duplex conversations between different 
"subscriber" stations. The highway cable should be 
terminated correctly at its ends with its characteristic 
impedance to avoid reflections. However, the connections 
from the "subscribers" to the cable have substantially no 
effect on the propogation properties of the cable since 
the "subscriber" sets each present a very high impedance 
to the cable. Interface units may be connected to the 
cable enabling interfacing of the particular cable net 
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with other communication systems. For example referring 
again to Figure 1, block 11 provides an interface between 
the highway cable 10 and a remotely controllable radio 
transmitter 22. The interface 11 is designed to respond to 
5 signals on the highway 10 in the same manner as an ordinary 
"subscriber" set. However, once a* channel is established 
between a "subscriber" set and the interface 11, control 
signals can also be transmitted on the highway cable 10 
for controlling operation of the radio 22. In this 

10 arrangement, the key pads of the various "subscriber" sets 

are continuously on line even during a conversation. Thus, 
if any of the numerical keys is depressed during a conver- 
sation, the apparatus automatically transmits the relevant 
code for the depressed key suppressing the voice transmission. 

15 Thus, the key pad of each "subscriber" set can be used for 
controlling radio transmission by the radio 22 e.g. with 
one key providing a TRANSMIT instruction to the radio and a 
second key providing a RECEIVE instruction. 
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CLAIMS : 



1- A communication method providing duplex commu- 
nication simultaneously between a plurality of pairs of 
5 stations on a single wire pair highway by frequency 

division multiplexing , wherein information is transmitted 
on the wire pair highway by modulation of pairs of pre- 
determined carrier frequencies, each pair of said 
frequencies comprising a "go" frequency and a "return" 
10 frequency and providing a single channel for duplex 

communication between any selected pair of stations on 
the highway, and wherein only carrier frequency pairs 
actually in use for communication are present on the 
highway at any time. 

15 

2. A communication method as claimed in Claim 1 
wherein each station on the highway is assigned a pre- 
determined" call code and a channel between a caller station 
and a desired called station is opened by the caller 

20 station scanning the predetermined frequency pairs for a 
pair absent on the highway and responding to locating 
an absent frequency pair by generating and transmitting 
on to the highway the "go" frequency carrier of the pair 
and modulating said carrier with at least data defining 

25 the call code of the desired called station, and by the 
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called station responding , if not busy with an existing 
call, to identifying its call code modulated on the "go" 
frequency carrier by generating and transmitting on to 
the highway the "return" frequency carrier of the pair, in 
response to which the caller station ceases modulating 
with the call code and the duplex channel is opened. 

3. A communication method as claimed in Claim 2 
wherein stations not in use are quiescent and the caller 
station also generates and impresses on the highway an 
alert signal to which all quiescent stations on the 
highway respond by becoming non-quiescent, scanning the 
predetermined carrier frequencies to identify a predeter- 
mined "go" frequency on the highway modulated with call 
code data, reading said data and comparing the call code 
with the respective code assigned to the station, whereby 
the called station can identify its own call code. 

4. A communi cation method as claimed in Claim 3 
wherein the caller station* responds to receiving the 
"return" frequency; carrier from the called station also 
by cancelling the alert signal from the highway, where- 
upon stations not in use other than the called station 
revert to the quiescent state. 

5. A communication method as claimed in Claim 4 
wherein said previously quiescent stations scan the carrier 
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frequencies by scanning the predetermined "return" 
frequencies to identify a "return" frequency absent from 
the highway, on locating an absent "return" frequency tuning 
to the oarrespcaading "go" frequency of the respective pair and, if the 
5 "go" frequency carrier is present on the highway, checking for call 
code data on the carrier, but otherwise continuing the. scanning of 
the "return" frequencies. 

6. A communication method as claimed in any 
10 preceding Claim and used for telephony, the method providing 
a conference mode wherein a conference can be set up 
between a plurality of stations simultaneously using 
telephone audio frequency signalling on the highway. 

15 7. A communication method as claimed in Claim 6, 

when dependent from Claim 2, wherein, in the conference 
mode, the caller station modulates the generated "go" 
frequency carrier with data defining the call codes of 
the selected called stations desired to join the conference 

20 and also identifying the call as a conference call, the 
caller station terminating said carrier generation and 
modulation after a predetermined time interval sufficient 
to permit the called stations to identify their respective 
* call codes and then providing audio frequency communication 

25 with the highway, and each called station responds to 
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identifying its call code and that the call is a 
conference call by providing audio frequency communication 
with the highway* 

5 8. A communication method as claimed in any 

preceding Claim and providing a priority mode, wherein 
a selected pair of said carrier frequencies is set aside 
as a priority channel for use only by a priority caller 
station in priority mode to a station already busy with 
10 an existing call or when all non-priority channels are busy, and 
the busy statical called on the priority channel responds by breaking 
contact with any existing call and moving on to the priority channel 
to take the priority call. 

15 9. A communication method as claimed in Claim 8 

when dependent from Claim 2 wherein, in priority mode, 
a priority caller station checks the "go" frequency of 
the priority channel and, if the carrier is absent on the 
highway, generates and transmits the carrier onto the 

20 highway modulating said carrier with at least data defining 
the call code of the desired called station, and simul- 
taneously generates and impresses on the highway a priority 
call identifying signal, any or each busy station 
responding to the priority call identifying signal by 

25 tuning to the w go" frequency of the priority channel, 
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reading said call code data and comparing the call code 
with the respective code assigned to the station, and 
then in response to identifying its own call code moving 
onto the .priority channel but otherwise continuing with 
the existing call* 

10 • A communication method as claimed in Claim 9 
when dependent from Claim 3, wherein, in normal mode, said 
alert signal is maintained by the caller station, in the 
absence of a received corresponding "return" frequency 
carrier, for a predetermined maximum time, and wherein, 
in priority mode said priority call identifying signal 
comprises said alert signal maintained for a period in 
excess of said predetermined maximum time, whereby any 
or each busy station responds only after said maximum time 
has elapsed, 

11. A communication set capable of providing, with other 
such sets at respective stations, duplex communication 
simultaneously between a plurality of pairs of stations on 
a single wire pair highway by frequency division multi- 
plexing, wherein information is transmitted on the wire 
pair highway by modulation of pairs of predetermined carrier 
frequencies, each pair of said frequencies comprising a 
"go" frequency and a "return" frequency and providing a 
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single channel for duplex communication between any 
selected pair of stations on the highway, each station 
being assigned a predetermined call code; the comTruiiicaticn 
set having means for storing the call code assigned to 
5 the respective station/ transmitter means energisable and 
controllable to generate and transmit to the highway 
carrier signals at a selected one of the predetermined 
carrier frequencies, modulator means for modulating the 
generated carrier signal with information or data to be 

10 transmitted on the highway, tunable receiver means for 
selectively receiving carrier signals from the highway 
at any one of the predetermined carrier frequencies, 
demodulator means for demodulating information or data 
from the received carrier signal, operator input means 

15 enabling the operator of the set to initiate a call 

and key in the call code of a desired station, and control 
means responsive to a call initiate signal from the input 
means to scan the tuning of the receiver means through 
said predetermined carrier frequencies until a vacant 

20 channel is identified, the respective pair of carrier 

frequencies for the channel being absent on the highway, 
and then to tune to the "return" frequency of the vacant 
channel, the control means being then responsive to energise 
and control the transmitter means to transmit on to the 

25 highway a carrier signal at the "go" frequency of the vacant 
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channel and simultaneously supply to the modulator means 
at least .data from the input means defining the call code 
of the desired station so that the transmitted carrier 
signal is modulated with said data, the control means 
being further responsive to reception by the receiver 
means of a carrier on the highway at the "return" frequency 
of the vacant channel to inhibit further supply of the 
call code data to the modulator means. 

12. A communication set as claimed in Claim 11 and 
including an alert signal generator responsive to the 
control means on identifying a vacant channel to impress 
an alert signal on the highway until reception by the 
receiver means of said "return" frequency carrier. 

13. A communication set as claimed in Claim 12 and 
having quiescent switching means arranged to switch the 
set to a quiescent state when not in use but responsive 
to the presence of an alert signal on the highway to 
switch the set automatically to a non-quiescent state and 
the control means being responsive on said switching to the 
non-quiescent state to scan the timing of the receiver 
means to detect a "go" frequency carrier signal on the . 
highway which is modulated with call code data, and then 
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to read said data and compare the received call code 
with that in said means for storing, the control means 
being further responsive to the received call code 
matching.. that in said means for storing to hold the set 
in the non-quiescent state and to energise and control 
the transmitter means to transmit on to the highway a 
carrier signal at the "return" frequency of the channel 
including the detected "go" frequency carrier signal. 
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